ABSTRACT Native wasps were sampled from 33 lowbush blueberry (Vaccinium angustifolium) Þelds and adjacent forests in eastern Maine during the summers of 1997 and 1998. Sampling was conducted along a horizontal transect that bisected the Þeld/forest interface using two methods: window-pane traps suspended at varying heights (1, 7, and 14 m above the ground) and ground-level malaise traps. The objectives of this study were to assess (1) the spatial distributions of wasp species assemblages associated with the two distinct habitats and (2) the potential interactions of wasp species assemblages across the blueberry/forest landscape. Wasp samples from the two trap types collected different wasp species assemblages, each of which were consistent across the 2 yr. Both methods documented lower abundances of wasps in blueberry Þelds in comparison with adjacent forests. Window pane traps at varying heights identiÞed statistically signiÞcant but remarkably minor differences in height even at the highest traps in the middle of blueberry Þelds in both years of the study. The malaise traps detected distinct species assemblages whose horizontal distributions differed substantially from each other. Distributions ranged from those that were trapped exclusively in the forest, through those that were evenly distributed across the landscape, to taxa that were almost exclusively found in the blueberry Þeld centers. Our results suggest that forest and edge habitats may be important refugia for wasp species assemblages that contribute to regulation of blueberry insect pest populations. Detailed knowledge of speciÞc taxa should assist in the management of the blueberry/forest landscape for the conservation and enhancement of beneÞcial insects.
Wasps are natural enemies of numerous pests in crops and forests (Quezada et al. 1976 , Pisica et al. 1979 , Turnock 1988 , Yastrebov 1993 , Babendreier 2000 . Recent studies continue to supply evidence of the beneÞcial roles that wasps play in reducing insect pest populations (Bellamy et al. 2004 , Ceballo and Walter 2004 , Garcia-Mari et al. 2004 . Considering the beneÞcial roles that parasitoid wasps play in nature, agricultural land managers should seriously consider optimizing native wasp populations as the Þrst step in efforts to control insect pests (Barbosa 1998 , Shaw and Hochberg 2001 , Pedigo 2002 .
In the past, methods of biological control such as augmentation, inoculative release, and inundative release of parasitoids have been used with unpredictable and mixed results (Michaud 2002) . Of 1,450 parasitoid introductions worldwide for classical biological control by the early 1990s, only 17% were estimated to result in established wasp populations that had an impact on the target pests (Mills 1994) . The need for a more reliable method of controlling insect pests has stimulated interest in the conservation of natural enemies (Barbosa 1998 , Michaud 2002 , Jacas and Urbaneja 2003 . In fact, Shaw and Hochberg (2001) argue that the conservation of parasitic wasps has been seriously neglected and that growers should "aim to conserve the trophic level occupied by parasitic Hymenoptera." Blueberry in Maine is an indigenous crop, and most insect pests of lowbush blueberry are also indigenous. The best biological control approach may be the conservation of these native populations (Barbosa 1998 , Drummond and Groden 2000 , Pedigo 2002 ). Recognizing the potential value of native wasp populations and other natural enemies, numerous studies have focused on techniques for improving habitat for indigenous natural enemies of insect pests. Ideas such as wildßower planting, developing Þeld margins with native ßowering weeds, and reducing habitat fragmentation have been proposed (Altieri and Whitcomb 1979 , Braman et al. 2002 , Powell et al. 2003 , SteffanDewenter 2003 .
However, conserving and enhancing wasp populations requires knowledge about existing species, habitat associations, population sizes, and identifying prey/host insects. These studies typically require sampling insect species assemblages to achieve relative estimates of abundance to determine how these species assemblages are distributed across different hab-itats. Placement of traps is critical in achieving samples that minimize bias and accurately represent insect populations (Disney 1986 ). Previous research with aquatic, ßying, and even subterranean insects have recognized the importance of sampling methods that consider the three-dimensional structure of ecosystems (Czachorowski 1993 , Riis and Esbjerg 1998 , Boiteau et al. 2000 . Some studies of ßying insects have shown distinct height associations in habitats where vegetation extends far above the ground (Southwood et al. 1979 , Broadhead and Wolda 1985 , Braverman and Linley 1993 , Botero-Garces and Isaacs 2003 . In fact, evidence suggests that some taxa might go undetected if sampling is restricted to the ground (Su and Woods 2001) . To account for the three-dimensional presence of ßying insects, traps may need to be arranged along vertical as well as horizontal gradients. However, this can increase the cost of research signiÞcantly and the need should be evaluated and carefully considered.
In this study, insect traps were deployed along both horizontal and vertical gradients across the blueberry/forest landscape in Maine. Both windowpane and malaise traps were deployed at Þeld sites during two consecutive summers (1997 and 1998) . Sampling transects were established from Þeld centers into adjacent forests to assess (1) the spatial distributions of wasp species assemblages associated with the two distinct habitats and (2) the potential interactions of wasp species assemblages across the blueberry landscape.
Materials and Methods
Site Description. Most of the blueberry Þelds in this study were owned and managed by C&D Corporation and CherryÞeld Foods. Some Þelds, however, were owned and managed by local residents who agreed to participate in the study. In all Þelds, data collection occurred for one season only, because it is standard commercial practice to rotate a Þeld out of production every other year (prune cycle) by either burning or mowing it after harvest (Drummond and Groden 2000) . Studies were conducted in selected lowbush blueberry Þelds during their fruiting cycle, within Washington County, ME. These Þelds were established for commercial production of lowbush blueberries. Lowbush blueberry production constitutes one of the largest agroecosystems in Maine. Fields are developed by clearcut harvesting of forest and applying herbicides. These herbicides selectively kill most competing native vegetation and allow the growth of lowbush blueberry plants. Each blueberry Þeld was considered as an individual study site or experimental replicate.
Thirty-three Þelds were selected for this study: 18 in 1997 and 15 in 1998 (Table 1) . Each year, Þeld sites were identiÞed by number and grouped into one of three blocks representing different geographic regions of the whole study area: block I (Beddington, Deblois), block II (CherryÞeld), and block III (Columbia Falls, Jonesboro, Jonesport, Whitneyville).
Field sizes ranged from Ͻ1 to 71 ha. Some sites were isolated Þelds completely surrounded by forest. Many of the Þelds were only partially surrounded by forest because they were situated immediately next to other lowbush blueberry Þelds. A visual estimate was conducted at each Þeld to ascertain how much of the perimeter was forested and how much was bordered by adjacent blueberry Þelds (Table 1) . The vertical structure of vegetation varied considerably between blueberry Þeld and the surrounding forest habitat. Forests had vegetation ranging from 0.5 to 15 m above the ground, but within blueberry Þelds, most vegetation was Ͻ0.5 m above the ground.
Trap Design. Two trap types were used in this study. One type was a clear Plexiglas ßight intercept trap that was constructed by intersecting two clear panels of Plexiglas (60 cm high by 44 cm wide) perpendicular to each other forming a "ϩ" shape when viewed from above (Su and Woods 2001) . This produced a trap with eight clear surfaces that can intercept ßying insects whose ßight path intersect the trapÕs position. A funnel with a collecting cup was placed both above and below the panels. The lower cup had two holes drilled into the bottom (to drain water) and was lined with nylon stocking material. A piece (2.5 by 2.5 by 1.0 cm) of Vapona (2,2-dichlorovinyl dimethylphosphate) was placed in each cup as a killing agent. Traps were suspended in sets of three by a 15-m tower constructed of rigid steel conduit. The towers were secured upright by 12 lines, running from stakes in the ground (or the base of trees) to various points along the tower. There was a 90Њ bend at the top of the tower to allow the three traps to be suspended away from the tower by a trap line. The line was attached to a pulley at the top to allow the traps to be raised and lowered enabling periodic collection of insects from the traps. Traps were suspended at 1, 7, and 14 m above the ground and designated as the lower, middle, and upper trap of each tower, respectively.
The second trap type was a malaise trap that was also designed to intercept ßying insects whose direction of travel intersects the trapÕs position. These traps were constructed of vinyl mesh (8 threads/cm) with a pore size of 0.08 cm 2 . The lower intercept panels were made by sewing two pieces of black mesh (102 cm high by 91 cm wide) together to form a "ϩ" shape when viewed from above. The collecting hood above the intercept panel was made by sewing four triangular pieces of white mesh (50 cm high by 66 cm base) together to form a pyramid-shaped section that would be placed over the lower panels. A 1.5-m length of EMT steel conduit was used to support the trap. A collecting cup was seated on top of the conduit. The trap was secured to the ground using tent stakes and guy-lines. A small block of Vapona was placed in the collecting cups of each malaise trap as a killing agent.
Insect Sampling. Both towers and malaise traps were deployed at three Þeld locations (A, B, and E) along a single transect at each Þeld. Towers at A were 10 m beyond the Þeld edge, into the bordering forest, towers at B were at the Þeld edge, and towers at E were erected within the central portion of the Þeld. Therefore, both trap types were distributed horizontally, at locations A, B, and E, and the Plexiglas traps were distributed vertically, at 1, 7, and 14 m above the ground; forming a 3 by 3 matrix along each transect.
In 1997, towers and malaise traps were erected during the week of 26-V-97 and their traps checked once per week while blueberry plants were in bloom until the week of 23-VI-97. Thereafter, traps were checked every other week until the week of 21-VII-97, 1 wk before harvest. In 1998, towers were erected during the week of 11-V-98 and their traps checked every other week until the week of 27-VII-98, 1 wk before harvest. All insects collected were returned to the laboratory at the University of Maine for sorting and identiÞcation.
Insect Identification. In both 1997 and 1998, all wasps (suborder Apocrita) were separated from insects captured in tower traps and the number in each trapÕs top and bottom cup was recorded. Wasps were not identiÞed beyond superfamily because most specimens were extremely small and would require expertise not available for further identiÞcation. However, we wanted to study whether any differences in spatial distributions could be detected by grouping wasps based on morphological features. Therefore, wasps were separated by two easily distinguishable morphological characteristics: body size (small or large) and relative antennal length (short or long). A wasp was considered small (S) if the length of its body was Ͻ3 mm (the smallest measurement available using the reticle in the microscope), and large (L) if it was Ն3 mm. A wasp was considered to have short antennae (s) if they did not extend to its abdomen and long antennae (l) if they extended to or beyond itsÕ abdomen.
Wasps in the malaise traps were, in general, larger than those from Plexiglas traps. All insects of the suborder Apocrita (ants, bees, and parasitic and predatory wasps) except those of the superfamily Apoidea (bees) and the family Formicidae (ants), were sorted from the collection cups of all traps. A reference collection of parasitic and predatory wasps was developed using these specimens. Wasp specimens were identiÞed to superfamily, family, or subfamily. IdentiÞcation of all wasps to the species level was impractical because of limited taxonomic expertise. Instead, common wasps from this study were placed in morphologically distinct taxa (morphs) based on external morphological characteristics. This method has been used in other studies as an alternative to formal insect species identiÞcation to get relative estimates of the abundance and richness of insect species assemblages (Oliver and Beattie 1996, Jaros-Su 1999) . All identiÞ-cations were made using taxonomic keys of Borror et al. (1989) and Goulet and Huber (1993) . IdentiÞcation to superfamily, family, and subfamily and sorting to morphospecies was performed by J. E. Karem and D. Ngollo. Some selected morphospecies in the families Ichneumonidae and Braconidae were further identiÞed to species by Dr. John Luhman of the Minnesota Department of Agriculture. As a result, some morphospecies represent a single wasp species, and some represent multiple wasp species. Voucher specimens are stored and curated at the University of Maine Insect Collection (University of Maine, Orono, ME).
Data Analysis. For the tower data, log-linear models (PROC GENMOD; SAS for Windows 8.1) were used to evaluate the effects of trap height, Þeld position, collection date, parasitoid size, and antennal length on trap catch totals. A block effect was included to account for geographical differences. Initial analysis included all interactions. NonsigniÞcant higher-order interactions were removed in a stepwise fashion to evaluate lower-order interactions and main effects. For effects with more than two categories (Þeld position and height), pairwise contrasts were used to further identify the positions or heights that were different from the others.
The wasp counts for the malaise traps were not partitioned into the four morphological groupings, and height was not a factor, so a much simpler model, with Þeld position and site, was used to account for overall differences in trap catch. However, a different analysis approach was used to analyze the selected morphs from malaise traps. An initial analysis of the 13 selected taxa across Þeld positions indicated that there was a signiÞcant taxa by position interaction (P Ͻ 0.05). In a series of comparisons between two August 2006 KAREM ET AL.: VERTICAL AND HORIZONTAL SAMPLING OF HYMENOPTERAtaxa and/or groups of taxa, groupings were formed that were signiÞcantly different in spatial distributions from each other but whose members were not significantly different from each other (P Ͼ 0.10). If the taxa by position interaction for two taxa was not signiÞcant using the loglinear analysis, they were combined as the same group. If the interaction was signiÞcant, they were deÞned as separate groups. A nested effect (taxa nested within group) was used to conÞrm that there were no signiÞcant differences between the taxa in their response to position.
Results
No formal taxonomic identiÞcation was performed on wasp specimens retrieved from the windowpane traps. However, with the exception of only a few individuals, all wasps captured were small parasitica, typically only a few millimeters in length. Many of the specimens were members of the Chalcidoidea, Cynipoidea, and Proctotrupoidea superfamilies, which are predominantly parasitic (Borror et al. 1989) . Unlike the windowpane traps, malaise traps seem to sample a very different portion of the overall wasp species assemblage. Based on a more formal identiÞcation, wasps captured in malaise traps ranged from small parasitica (e.g., Hymenoptera: Diapriidae) to larger predatory taxa (e.g., Hymenoptera: Vespidae).
Towers/Windowpane Traps. The vertical distributions of total wasps across the forest/Þeld interface was remarkably uniform for taxa caught in windowpane traps considering the differences in canopy height (Ͼ15 m compared with 0.5 m). There was no height by position interaction in either year (Tables 2  and 3 ), indicating that wasps were ßying well above the blueberry Þelds (Fig. 1) . When the nonsigniÞcant interaction term was removed, an overall difference in relative wasp abundance was detected across the three trap heights in both 1997 and 1998 (Tables 2   and 3 ). The largest proportion of wasps was captured in the lowest traps and the least in the middle trap ( Fig. 1 ; Table 2 ). In 1997, the upper trap was intermediate between the lower and middle traps, was not signiÞcantly different from the lower traps ( 2 ϭ 0.60; df ϭ 1; P ϭ 0.437), and provided only weak evidence for a difference from the middle trap ( 2 ϭ 2.56; df ϭ 1; P ϭ 0.110). In 1998, the pattern was similar except that the upper trap was clearly not different from the middle trap ( 2 Ͻ 0.01; df ϭ 1; P ϭ 0.999) and clearly was different from the lower trap ( Fig. 1. 2 ϭ 18.28; df ϭ 1; P Ͻ 0.001).
The horizontal distributions of wasp capture was relatively uniform for both years (Fig. 2) . In general, the highest numbers were recovered from the forest and the lowest from the blueberry Þeld centers. The edge appeared more similar to the forest in 1997, but NonsigniÞcant interaction and nested terms (second part) were removed from the Þnal model one at a time. Two-way interactions were removed according to the magnitude of the probability values (highest removed Þrst). NonsigniÞcant interaction and nested terms (second part) were removed from the Þnal model one at a time. Two-way interactions were removed according to the magnitude of the probability values (highest removed Þrst). more similar to the centers in 1998. In 1997, the overall position effect was not signiÞcant ( 2 ϭ 4.14; df ϭ 2; P ϭ 0.127), but a pairwise comparison between the forest and the Þeld center suggested that there may be differences between at least those two positions ( 2 ϭ 3.45; df ϭ 1; P ϭ 0.064). The forest was not different from the edge in 1997 ( 2 ϭ 0.03; df ϭ 1; P ϭ 0.863), and when the comparison was made between the Þeld center versus both the forest and edge, the probability value dropped to P ϭ 0.043 ( 2 ϭ 4.10; df ϭ 1). In 1998, the differences between the forest and Þeld centers were not at all ambiguous (position effect, 2 ϭ 8.52; df ϭ 2; P ϭ 0.014). A pairwise contrast indicated no signiÞcant difference between the edge and Þeld center ( 2 ϭ 0.97; df ϭ 1; P ϭ 0.325), and a comparison between the forest and the Þeld centers and edge combined was highly signiÞcant ( 2 ϭ 7.65; df ϭ 1; P ϭ 0.006).
The use of morphological categories based on body length and antennal length was not particularly successful at detecting changes in species assemblages across height or position. In 1997, there were signiÞ-cant interaction terms involving collection date. However, there were not signiÞcant class by height or class by position interactions, and these were the interaction terms of most interest (Table 2 ). In 1998, there was a height by class interaction ( 2 ϭ 18.1; df ϭ 6; P ϭ 0.006) and possibly a position by class interaction ( 2 ϭ 11.1; df ϭ 6; P ϭ 0.086). The height interaction seemed to be driven by the observation that all of the large parasitica with short antennae were caught in the lower traps (Fig. 3) . The remaining body length and antennal length classes were more evenly distributed across the trap heights (Fig. 3) . This result may well be spurious, because the large body, short antennae class was only based on 10 individuals in 1998 and because there was no interaction in 1997 when eight individuals were recovered with four in the lower, two in the middle, and two in the upper traps.
Malaise Traps. In addition to microscopic parasitica, much larger predatory and parasitic wasps, not captured in window pane traps, were common in malaise samples. Overall, wasps sampled by malaise traps were primarily captured in the forest and along the edge, with relatively few being trapped in the center of blueberry Þelds (Fig. 4) . A signiÞcant difference in the number of wasps captured at the three different trap positions was detected in both 1997 (position term, 2 ϭ 1168; df ϭ 2; P Ͻ 0.001) and 1998 (position term, 2 ϭ 2000; df ϭ 2; P Ͻ 0.001). Consistently, the largest number of wasps was captured in the forest during both years, regardless of whether blueberry was in bloom at the time that traps were deployed or not.
To investigate the horizontal distributions of speciÞc taxa, 13 wasp morphspecies were identiÞed and pooled together as species assemblages based on their spatial distributions across the three trap positions. As a result, six species assemblages (1Ð 6) were identiÞed from these 13 taxa ( Fig. 5 ; Table 4 ). Species assemblage distributions varied dramatically from wasps captured almost exclusively in the surrounding forests to those captured primarily in the Þeld centers. Species assemblage 1 includes two taxa: Diapriidae (Hymenoptera) and Aptesis incompta (Hymenoptera: Ichneumonidae, Table 4 ). Wasps in this species assemblage were most abundant in the forest, less so at the edge, and rare in the center of the Þeld (Fig. 5) . Not one individual from A. incompta was captured in the Þeld center during either year.
Assemblage 2 was made up of a single morphospecies that subsequently was found to be comprised of Þve species from two genera, Cratichneumon spp. (Hymenoptera: Ichneumonidae) and Barichneumon spp. (Hymenoptera: Ichneumonidae, Table 4 ). Overall, the distribution of assemblage two was intermediate between assemblage 1 and assemblage 3 (Fig. 5) . Assemblage 2 could have been combined with assemblage 3 in 1997 (morphospecies ϫ position interaction term, 2 ϭ 10.87; df ϭ 8; P ϭ 0.209) but not in 1998 (morphospecies ϫ position interaction term, 2 ϭ 24.74; df ϭ 8; P ϭ 0.002, suggesting a different spatial distribution between habitats). From 1997 to 1998, there is a noticeable increase in the proportion of assemblage 2 being caught in the forest interior coinciding with fewer wasps being captured at the edge (becoming more like assemblage 1), but still statistically different from assemblage 1 (Fig. 5) . The shift was substantial enough to regard this morphospecies as being distinct from assemblage 3. The complex of species within this single morph may have species whose distributions are more like assemblage 1 and others whose distributions are more like assemblage 3. Changes in the species numerical dominance may explain changes in their overall distribution from year to year. Assemblage 3 included four morphospecies, Vespinae (Hymenoptera: Vespidae), Pompilidae (Hymenoptera), Netelia spp. (Hymenoptera: Ichneumonidae), and Microplitis sp. (Hymenoptera: Braconidae), which were comparable in abundance between the forest border and the Þeld edge, but substantially declined in numbers at the center of Þelds (Fig. 5) .
Assemblage 4 includes three morphospecies, Dusona spp. (Hymenoptera: Ichneumonidae), Banchus flavescens (Hymenoptera: Ichneumonidae), and Phanerotoma sp.(Hymenoptera: Braconidae), which were most abundant along the Þeld edge and relatively rare in the center of blueberry Þelds. An intermediate number of these wasps were also captured in the forest (Fig. 5 ). SigniÞcant differences in the abundance of this species assemblage were detected between all three habitats.
Assemblage 5 includes two morphospecies, Chrysididae (Hymenoptera) and Exetastes abdominalis (Hymenoptera: Ichneumonidae), which were evenly distributed across the blueberry/forest landscape (Fig. 5) . In fact, no signiÞcant differences in trap capture were detected across any of the three trap positions for 1997 or 1998.
Assemblage 6 was made up of a single morphospecies, Ophion spp. (Hymenoptera: Ichneumonidae), which did not associate, statistically, with any of the other Þve assemblages across both years of the study. Assemblage 6 was unique because most individuals were captured in the center of Þelds during both seasons, and few were captured in the forest (Fig. 5) . Species assemblage 6 did associate with assemblage 5 in 1997 (morphospecies ϫ position interaction term, 2 ϭ 0.22; df ϭ 4; P ϭ 0.377) but not in 1998 (morphospecies ϫ position interaction term, 2 ϭ 18.35; df ϭ 4; P Ͻ 0.001). From 1997 to 1998, there was a noticeable increase in the proportion of this population being caught at the Þeld center coinciding with a decrease in the forest (Fig. 5) . As with the species complex in assemblage 2, changes in relative abundances may account for overall changes in spatial distributions.
Discussion
Because investigators have begun to acknowledge the necessity for sampling ßying insects along a vertical gradient, evidence has accumulated showing the various vertical strata that different ßying insect species assemblages occupy within a complex vegetational canopy (Sutton et al. 1983 , Devries et al. 1999 , Boiteau et al. 2000 , Su and Woods 2001 . Sampling at varying heights has also shown how insects will change ßight when moving from one habitat to another. Fig wasps ( Hymenoptera: Agaonidae) seem to have a greater afÞnity for higher altitudes proximal to the forest canopy (Kato et al. 1995) . Grape berry moths, Endopiza viteana (Lepidoptera: Tortricidae), captured in forests surrounding vineyards were most abundant 9 m or more above the ground, but when captured within vineyards, they were most abundant Ϸ1.5 m above ground (Botero-Garces and Issacs 2003). Su and Woods (2001) found a difference in the vertical distributions of Coleoptera (predominantly) across three forest management systems (clearcut, selection, shelterwood) .
In this study, we did not detect an overall height by Þeld location interaction during either year of this study for wasps. The vertical distributions of wasps captured showed a somewhat larger percentage being captured in the low windowpane traps (Fig. 1) . However, despite the fact that there were signiÞcant height effects, wasps were remarkably evenly distributed across all trap heights for all locations in both 1997 and 1998. Even though no species level identiÞcations of wasp specimens were performed, most of the wasps captured belong to the Chalcidoidea, Cynipoidea, and Proctotrupoidea superfamilies that are predominantly parasitic (Borror et al. 1989) . These wasps may be expending energy not only in foraging for nectar and pollen, but in searching for host insects. The pursuit of host insects may cause these wasps to ßy at all three trap heights, but foraging for nectar and pollen in addition to parasitic activity may encourage them to spend more time ßying somewhat closer to the ground.
Because we found no height by location interaction with the overall number of wasps captured nor a convincing morphological class ϫ height interaction, our results might suggest that traps set 1 m above the ground would capture an adequate sample to represent the overall populations of Hymenoptera in the blueberry landscape. However, the gross morphological groupings used in this study may well have missed real changes in species assemblage that could be important. Based on results with malaise traps (discussed below), more detailed identiÞcations of these parasitica (i.e., to genus) may be necessary for investigators to decide which taxa require towers and which taxa can be adequately sampled using a single trap near the ground.
By identifying wasps from malaise traps to a Þner resolution, we were able to characterize different groupings of wasp taxa on the basis of their horizontal distributions across blueberry landscapes (Fig. 5) . Species assemblages 1 and 2 were clearly associated with the interior forest ecosystem. They include the family Diapriidae and Þve species of Ichneumonidae. (Aptesis incompta, three species of the genus Cratichneumon and two species of the genus Barichneumon). Most North American species of Diapriidae belong to two subfamilies, Belytinae and Diapriinae, of which all individuals captured in this study seem to belong (Borror et al. 1989) . Diapriinae are parasitoids of Diptera or associated with ant nests. The Belytinae are commonly found in moist wooded areas and are parasites of ßies that breed in fungi (e.g., Mycetophilidae, Borror et al. 1989) .
Among the Ichneumonidae, adult females of A. incompta have shown diminished longevity and fecundity when deprived of food (e.g., nectar), so nutritional requirements could encourage wasps to remain in or at the edge of wooded areas where nectar resources may be abundant (Babendreier 2000) . Cratichneumon and Barichneumon are members of the subfamily Ichneumoninae, which are considered specialized parasites of Lepidoptera. They are strong ßiers and can roam long distances in their ßight, but their activity is strongly dictated by weather. They avoid direct sunlight, preferring shade and areas with high humidity (Heinrich 1977) .
Species assemblage 3 was also associated with the forest habitat but showed a somewhat greater propensity to venture into blueberry Þelds (Ϸ14%). This group was comprised of all wasps belonging to the family Pompilidae, the subfamily Vespinae (Hymenoptera: Vespidae), the genus Microplitis (Hymenoptera: Braconidae), and three species of the genus Netelia (Hymenoptera: Ichneumonidae) (Table 4) . Vespine wasps are generalists, which have been reported to feed on a range of resources including insects (e.g., Lepidoptera larvae), mushrooms, tree sap, and pollen, but probably have a difÞcult time getting nectar from plants because of the size of their head and mouthparts (Matsuura and Yamane 1990 , Hunt et al. 1991 , Maingay et al. 1991 , Reid et al. 1995 . In addition, Vespinae typically construct their nests in the forest, because wood pulp, from dead trees, is often mixed with saliva to form the nest (Evans and Eberhard 1970) . The availability of this range of resources are probably highest in and at the edge of the forest habitat.
The spatial distribution of Pompilidae (spider wasps) is probably linked to spider populations (e.g., Lycosidae) (Kurczewski 1981) . Maloney (2002) found 40 Ð 60% fewer wolf spiders (Lycosidae), the most common spider family in Maine blueberry Þelds, were captured in traps placed at the Þeld edge in comparison with traps placed 30 m into blueberry Þelds in her study. In addition, other studies show that spider wasps often build nests in hollow woody stems, high vegetation, sandy soil, or under loose bark, which are features found primarily along the Þeld edge and in wooded areas surrounding Maine blueberry Þelds (Kurczewski 1981 , Veenendaal 1984 , Evans and Shimizu 1996 .
Among the Parasitica, both Microplitis sp. (Braconidae) and the three species of Netalia (Ichneumonidae) may be using ßoral resources (i.e., nectar) and a range of lepidopteran hosts (Arthur and Mason 1986 , Zhumanov 1987 , Stapel et al. 1997 , Shaw 2001 . Therefore, these wasps may be more abundant along the Þeld edge and in the forest because that is where ßoral resources tend to be more abundant (Karem 2005) .
Species assemblage 4 consisted of three taxa of Parasitica that were very abundant along the edge of blueberry Þelds while being somewhat less abundant in the forest and rare in the blueberry Þeld center (Fig. 5) . They include one Braconidae (Phanerotoma sp.) and two Ichneumonidae (Dusona spp. and Banchus flavescens). Phanerotoma sp. and Dusona spp. are generalist parasitoids of Lepidoptera. In contrast, B. flavescens is considered more of a specialist and the lack of suitable alternate host may be why their relative densities were low. All three of these taxa have densities that correlate with ßoral abundance (Karem 2005) . A combination of hosts and nectar near the Þeld borders may explain their propensity to stay at the Þeld borders.
Species assemblage 5 consisted of two morphospecies that displayed a relatively even distribution throughout the blueberry/forest landscape (Table 4) . One member of this species assemblage, Chrysididae, is a parasitic wasp with a wide range of hosts: bees, walking sticks, sawßies, moths, and even dead insects (Kimsey and Bohart 1990) . However, they are probably most well known for parasitizing the nests of bees and wasps (earning them the name of cuckoo wasps), which alleviates them from having to build nests for their own offspring. The host range of Exetastes atrator (Hymenoptera: Ichnuemonidae) is less well known. Both the Chrysididae and E. atrator may have beneÞcial associations with ßowering plants. It could be that potential hosts in the Þeld and ßoral resource at the edge and into the woods creates the even distribution of the wasps across the landscape.
Species assemblage 6 consisted of a single morphospecies in the genus Ophion (Ichneumonidae). Ophion sp. was unique in its distribution, which was primarily within blueberry Þelds (Fig. 5) . These wasps are solitary nocturnal hunters, which tend to parasitize larger lepidopteran larvae in later instar stages (Varkonyi et al. 2002) . They are known to be specialists in using moths of the genus Xestia (Lepidoptera: Noctuidae) in Europe and more speciÞcally fall armyworm (S. frugiperda) in the southeastern United States (Rohlfs and Mack 1983, Varkonyi et al. 2002) . It seems likely that they are using bertha armyworm and possibly other large lepidopteran larvae of blueberry pests such as blueberry spanworm.
Considering past research that has identiÞed the important role of natural enemies in agriculture (Wratten 1987 , Altieri et al. 1993 , Barbosa 1998 , Pedigo 2002 , conserving and promoting populations of native wasps that use blueberry pests as host species should be an integral part of pest management. This study has provided evidence about their spatial distributions across different habitats. Based on information from other studies (Arthur and Mason 1986 , Chiri and Legner 1986 , Jones 1996 , Stapel et al. 1997 , Þve of the wasp taxa in this study, Microplitis sp., Phanerotoma sp., Dusona sp., B. flavescens, and Ophion sp., are likely to be integral in suppressing insect pest populations in blueberry. Further research is likely to produce more concrete evidence about each of these wasp species with regard to which blueberry pests they impact the most, which native ßowering weeds are essential resources, and which management strat-egies are most effective in promoting and maintaining populations of these wasp species.
Published research of two other morphospecies in this study, E. abdominalis and Netelia sp., indicate that they are also effective natural enemies of crop pests in areas outside the northeastern United States (Eger et al. 1982 , Broadley 1984 , Shaw 2001 , Buleza 2002 . This information may justify emphasizing their roles as potential biocontrol agents, which need to be studied further to establish whether blueberry growers would want to undertake speciÞc efforts to conserve and promote populations of these insects.
This study also investigated other wasp species, such as Barichneumon sp., Cratichneumon sp., and A. incompta, which are known to suppress forest insect pests (Allen 1972 , Rahoo and Luff 1988 , Babendreier 2000 . An inventory of these wasps and information about their behaviors in forests surrounding blueberry Þelds may be useful to foresters who may want to suppress forest pests along the perimeter of blueberry Þelds to prevent tree defoliation.
Knowledge of the spatial distributions of wasp in the blueberry forest landscape is an important component of managing for the conservation of beneÞcial insects. Even though no interaction between trap placement (height or location) and wasp subgroup (class) was detected in this study, the evidence is compelling that some wasp species would exhibit an association with trap placement (as suggested in the height by class interaction in 1998), especially where the vertical structure of vegetation extends far beyond the ground (Sutton et al. 1983 , Kato et al. 1995 , Su and Woods 2001 . From a management perspective, it is important to know where speciÞc groups of wasps tend to range in their respective ecosystems. Sampling along a vertical and horizontal gradient using towers in conjunction with detailed identiÞcations should provide that information. From the perspective of conservation, these methods would also be more effective in locating rare individuals or species assemblages of wasps that might never be detected by only sampling along the ground or by sorting into different morphospecies. In addition, other trap types should be considered. Light traps and pheromone traps have been used in other studies that incorporated vertical sampling (Nielson 1987 , Kato et al. 1995 , Botero-Garces and Isaacs 2003 . In our studies, Plexiglas intercept traps seem to be most effective in capturing small Parasitica, but were not effective in capturing large wasps. Malaise traps were much more effective in assessing the horizontal distributions of larger wasp species but are difÞcult to deploy along a vertical gradient.
Based on the wasps captured in this study, there seems to be numerous beneÞcial taxa in the Maine lowbush blueberry/forest landscape. This research, in an effort to better understand the ecology of these wasps, has generated a number of important results that should be considered, particularly by growers and scientists. The majority of wasp taxa were found in forests and along the edge. However, one wasp morphospecies (Ophion spp.) was strongly associated with the Þeld interior and may be an important natural enemy of blueberry pests. Applications of pesticides and herbicides in the blueberry Þelds would likely have their greatest impact on Ophion spp. either through direct toxicity or the removal of ßoral resources. These considerations may be important in the implementation of conservation biological control, which may be the most environmentally safe and inexpensive pest control method available. However, this depends on the amount of reliable and useful information generated from studies like this that focus on the biology of native natural enemies.
